Abstract. Recently, Zhang et al. [6] obtained some lower bounds of the signed domination number of a graph. In this paper, we obtain some new lower bounds of the signed domination number of a graph which are sharper than those of them.
Introduction

Throughout this paper, let G be a finite connected graph with vertex set V = V (G) and edge set E = E(G). The neighborhood of a vertex v ∈ V (G), denoted by N (v), is the set of vertices adjacent to v. The closed neighborhood of v denoted by N [v] = N (v) ∪ {v} and the degree of v in G by d(v) . If S is a subset of V , we set N (S) = ∪ v∈S N (v) and N [S] = ∪ v∈S N [v] = S ∪ N (S).
We use |X| for the cardinality of a set X. Let ∆(G) and δ(G) denote the maximum degree and the minimum degree of G, respectively, and x denote the minimum integer not less than x. For a graph G = (V, E), let V o and V e be the set of vertices having odd degree and even degree, respectively. And, for a function
The signed domination number γ s (G) of G is the minimum weight of a signed dominating function on G. We call a signed dominating function having weight γ s (G) a γ s −function of G. Notice that if we change the set {−1, 1} of the above definition to {0, 1}, then f is the dominating function and the corresponding value is the domination number. Dunbar et al. [2] gave a lower bound for the signed domination number for an r-regular graph G in Theorem 1. Zhang et al. [6] gave a lower bound for the signed domination number of a graph which is better than that of Theorem 1. In this paper, we obtain some different lower bounds which are sharper than that of Theorem 2.
Some lower bounds
In this section we give our main results.
Theorem 3. For any graph G of order n, we have
where n o is the number of vertices having odd degree in G. In particular, if the degree of each vertex of G is odd, then
Proof. Let f be a γ s −function of G and let m be the number of edges in G.
On the other hand,
we have
From (2) and (4), we have
Since γ s (G) = 2|P f | − n, it completes the proof.
Notice that the lower bound in Theorem 3 is better than that of Theorem 2.
For a regular graph G, the Theorem 3 gives the following. 
where m is the number of edges in G and n o is the number of vertices having odd degree in G. (2), (4) in the proof of Theorem 3, we get
,
The corollary comes from the fact that γ s (G) = 2|P f | − n.
be the degree sequence of G. Then, we can obtain the following lower bound of γ s (G) which is related to the degree sequence of G.
Theorem 4. For any graph G of order n, we have
where m is the number of edges in G, n o is the number of vertices having
.
Proof. We use the notations introduced in the proof of Theorem 3. In the proof of Corollary 2, we showed that |P f | ≥ t. We note that
By using the fact that n + n o ≤ v∈V f [v] and this inequality, we have
Now, the theorem results from this inequality and the fact that
If the lower bound of |P f | in the proof of Theorem 4, say (t), is greater than t, we replace t in the Theorem 4 by (t). We can repeat this process until t and (t) become equal.
More on cubic graphs
In this section, we study the signed domination number for the cubic graphs. In the case of cubic graphs, the notion of signed domination can be interpreted in terms of 2-packing set. In this section, let G be a cubic graph of order n. A subset S of V (G) is said to be a 2-packing set of G if for any two distinct vertices s, s in S, the distance d(s, s ) between s and s is at least 3. Let P 2 (G) = max{|S| : S is 2-packing set of G} and call it the 2-packing number of G. 
O. Favaron [3] gave an upper bound for the signed domination number of cubic graph as follows. 6 . Since G is a cubic graph, n is even number. Therefore, |M | ≥ n 6 . So in case of a cubic graph whose every vertex is contained to at least one triangle, γ s (G) = n − P 2 (G) ≤ 
